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Resume. - Premier signalement d’un scienide exotique, Cynoscion 
regalis , sur la cote du Portugal. 

Plusieurs specimens de Cynoscion regalis ont ete captures dans 
Testuaire du Sado, cote ouest du Portugal. Cette espece est un habi¬ 
tant commun des eaux coheres et estuariennes de la facade atlanti- 
que de TAmerique du Nord. Ce nouveau signalement au Portugal, 
a environ 5000 km a Pest de leur aire de repartition, est surprenant 
mais Pidentification a ete confirmee par des caracteres morphome- 
triques et la sequence du gene COl. Cette decouverte recente pour- 
rait etre due au transport par bateau, la principale voie d’invasion 
pour les poissons marins exotiques. 
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Croakers or drums (Sciaenidae) are widely distributed in the 
shallow coastal, estuarine tropical and subtropical waters of all 
oceans. Many species are of considerable commercial value and 
are often linked to economically important fisheries. However, due 
to overharvesting and habitat degradation populations of sciaenids 
have decreased in many areas (Chao et al., 2015), and some large 
species are close to extinction: e.g. Totoaba macdonaldi (Gilbert, 
1890) and Bahaba taipingensis (Herre, 1932). This situation led to 


the development of dedicated aquaculture programs, and several 
members of the sciaenid family are now cultured on a large scale: 
e.g. Sciaenops ocellatus (Linnaeus, 1766), Argyrosomus regius 
(Asso y del Rio, 1801), Larimichthys crocea (Richardson, 1846) 
and Larimichthys polyactis (Bleeker, 1877). 

In the Northeast Atlantic Ocean and the Mediterranean Sea, 
sciaenids are represented by five species (Trewavas, 1979; Chao, 
1986): the meagre Argyrosomus regius ; the brown meagre Sciae- 
na umbra Linnaeus, 1758; the Canary drum Umbrina canarien- 
sis Valenciennes, 1843; the shi drum Umbrina cirrosa (Linnaeus, 
1758); and the fusca drum Umbrina ronchus Valenciennes, 1843. 
All five of these species occur in Portuguese coastal waters (Car- 
neiro et al., 2014). 

As far as we know, exotic species of sciaenids have rarely been 
found in the Northeast Atlantic: all have originated in North Amer¬ 
ica. Stevens et al. (2004) reported the presence of two specimens 
(caught in 1998 and 2001) of Micropogonias undulatus (Linnaeus, 
1766) in Belgium, and declared its occurrence was most likely to be 
due to transportation in ship ballast water. More recently, Acosta et 
al. (2013) reported the 2011 discovery of an individual Cynoscion 
nebulosus (Cuvier, 1830) from the Gulf of Cadiz, Spain. Golani et 
al. (2015) reported on an individual Sciaenops ocellatus (Linnaeus, 
1766), caught in 2011, off the Mediterranean coast of Israel. 

Here, we report on the first recorded Northwest Atlantic species 
Cynoscion regalis (Bloch & Schneider, 1801) from 
Portuguese and European waters. 


MATERIAL AND METHODS 

Three specimens were obtained from leisure fish¬ 
ermen in the Port of Setubal, Sado Estuary, Portugal 
(38°31’14”N-8 0 53’15”W) on the 1 st of October 2015 
(Fig. 1). The fishermen, who caught several speci¬ 
mens (7) with a hook and line from the pier of the har¬ 
bour, declared the species unknown to them and gave 
us part of their catch. The following day several other 
specimens of a similar size were observed at the Port 
of Setubal fish market (G. Piques, comm. pers.). 

Identification was corroborated using sequence 
data. DNA was extracted as per Winnepenninckx et 
al. (1993). The partial sequence of the mitogenome 
was obtained using long PCR’s and a two level mul- 



Figure 1. - Map of the area showing localities of captured Cynoscion regalis: (») in Setu¬ 
bal, Portugal, 2015 ; (+) in the Gulf of Cadiz, Spain, 2011. 
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tiplex approach following the protocol described in Hinsinger et 
al. (2015), using primer pairs MtLl 1910-12SH1478 and an over¬ 
lapping 12SL1091-MtH7061. The sequences were assembled and 
checked using Geneious 7.1.7 (Biomatters Ltd.). Annotation was 
performed using MitoAnnotator (Iwasaki et al., 2013) and com¬ 
pared with other published mitogenomes. All nucleotide changes 
and indels were checked against the assembly and compared to the 
closest available mitogenomes and sequences. The sequence for the 
partial (barcode region) cytochrome oxidase 1 (COl) was used to 
BLAST search the full Barcode of Life Database (BOLD) and the 
GenBank. The available sequence markers for the Cynoscion spe¬ 
cies (Cytochrome b, control region, 12S rDNA, 16S rDNA) were 
individually chosen to BLAST search the GenBank. The new par¬ 
tial mitogenome sequence was deposited in the GenBank Nucle¬ 
otide database under accession number KX364159. The individual 
mitochondrial markers were deposited in BOLD with the specimen 
information under reference PRFIS001-16. The proposed standards 
for mitogenome metadata (Strohm et al., 2015) were rigorously 
followed. 

The voucher specimen was deposited in the zoological collec¬ 
tion of the Museu Nacional de Historia Natural e da Ciencia da Uni- 
versidade de Lisboa (Portugal): reference number MB06-005523. 
A second specimen was deposited in the Laboratorio de Arqueoci- 
encias, Direcgao Geral do Patrimonio cultural collection: reference 
number CIPA2688. The third specimen was discarded after dissec¬ 
tion, though the tissue samples and the extracted otoliths (sagit- 
tae) are now preserved in the MNHN collection: reference number 
MNHN-ICOT-01951. 


RESULTS 

Both morphometric (cf. Chao, 2003) and molecular data con¬ 
firm that the sciaenid specimens from Portugal belongs to the spe¬ 
cies Cynoscion regalis (Fig. 2). 

Morphologic data. - 235-243 mm TL; 198-204 mm SL; 
60-62 mm head length; 130-140 g total weight. Fusiform body, 
slightly compressed. Mouth large, upper jaw with two strong 
canine-like teeth posteriorly oriented. Ctenoid body scales. Dorsal- 
fin rays X+1,25; anal-fin rays 11,11. Pectoral fin slightly longer than 
pelvic fin. Dorsal and anal fins with scaly basal sheath. Caudal fin 
slightly rhomboidal. Horn-like appendages arising anteriorly from 
the gas bladder. Sagitta oval and elongate, with ventral and dorsal 
rims slightly curved and ornamented (Fig. 3). Body with numer¬ 
ous small black spots on back, forming not well defined undulating 
lines, that do not extend onto the fins. 

The individuals appeared to be immature, which is in agree¬ 
ment with Shepherd and Grimes (1984) who stated that maturity is 
attained at about 250 mm TL. 

Molecular data. - The partial mitogenome sequence was 
11648 bp long, with an average coverage of 28.2. It complete¬ 
ly covers ND5. ND6, tRNA-Glu. cytochrome b, tRNA-Thr, 
tRNA-Pro, control region, tRNA-Phe, 12S rDNA, tRNA-Val, 



Figure 2. - Cynoscion regalis. MB06-005523, 235 mm TL, Setubal, Por¬ 
tugal. 


16SrDNA, tRNA-Leu. ND1, tRNA-Ile, tRNA-Gln, tRNA-Met, 
ND2, tRNATrp, tRNA-Ala, tRNA-Asn, tRNA-Cys, tRNA-Tyr, 
and cytochrome oxidase 1; arranged in the classical teleost mito¬ 
chondrial gene order (Miya and Nishida, 2015). The COl sequence 
is identical to the nine sequences for C. regalis present in BOLD. 
The cluster contained only sequences for this species. For 12S and 
16S our sequences were identical or with only a single difference, 
compared to the partial and only sequences available for the spe¬ 
cies in the sequence database. For the controlled region, the sin¬ 
gle sequence present for C. regalis in Genbank (DQ179650.1) is 
the closest match at 98% similarity. For all markers, distance trees 
place our sequences unambiguously with C. regalis. The molecular 
data, therefore, strongly supports the morphological identification. 

Moreover, these are the first sequences available for any Cyno¬ 
scion species for ND1. ND2. ND5. ND6; and include 14 types of 
tRNAs for this species. As such, they are a useful reference for 
future phylogenetic studies or environmental DNA monitoring. 


DISCUSSION 

Cynoscion is an amphi-American genus (Sasaki, 1989) with 24 
recognized valid species: 12 from the Eastern Pacific and 12 from 
the Western Atlantic (Chao, 2003). From amongst the latter, Cyno¬ 
scion regalis is probably the most cold-water tolerant, being dis¬ 
tributed along the North American coast from Florida to Cape Cod. 
Therefore, the discovery of a Cynoscion species 5,000 km east of 
their known distribution area is puzzling. 

Over the last few decades, the number of non-native species 
occurring in areas far from their original range has increased sig¬ 
nificantly. This is especially true in the Mediterranean Sea where 
Lessepsian and Atlantic migrants are more numerous (Golani et 
al., 2007). In these cases, natural corridors constitute clearly identi¬ 
fied pathways of invasion. In the Eastern Atlantic, most of the fish 
migrants go either north or south, as the geographic distribution 
boundaries of species move with global warming. This cannot be 
the case for Cynoscion regalis : a North American species that had to 
cross the Atlantic (ca. 5,000 km) to arrive on the Portuguese coast. 
An extension of its range by natural dispersal, via larval transport 



Figure 3. - Left (lateral view) and right (mesial view) sagittae of Cynoscion 
regalis. MNHN-ICOT-O1951. Scale bar = 1 cm. 
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using the Gulf Stream and the Azores Current, could explain the 
occurrence of the species in Portugal. However, the reproductive 
biology of this species does not support such a hypothesis. They 
spawn either in the muddy or sandy bottoms of estuaries, or close to 
the mouths, at a water depth of no more than 5 to 10 meters (Welsh 
and Breder, 1924); and though their fertilized eggs are buoyant and 
can be carried by the tidal currents, they seem to sink before hatch¬ 
ing (i.e. before 1-2 days). In addition, the duration of the pelagic 
larval phase is short, with larval and juvenile development gener¬ 
ally occurring in estuarine nursery zones. Therefore, it is unlikely 
that the Portuguese specimens originated as pelagic larvae trans¬ 
ported by surface currents from the Western to the Eastern Atlantic. 

Translocated species often have an anthropic origin. Ship bal¬ 
last transportation and fish trade for aquaculture are the most com¬ 
mon pathways for the introduction of alien marine species (Molnar 
et al., 2008; Katsanevakis et al., 2013). Among marine fish, one 
of the most striking examples is probably the introduction of the 
lionfish, Pterois volitans (Linnaeus, 1758) in the western Tropical 
Atlantic (Lasso-Alcala and Posada, 2010; Betancur-R. et al., 2011; 
Green et al., 2012). These accidental escapes can cause damaging 
ecological impacts (Naylor et al., 2001; Simberloff et al., 2013). 
However, despite knowing the potential problems and that the 
eradication or removal of established invaders have a low prob¬ 
ability of success (Thresher and Kuris, 2004), the introduction of 
alien species for aquaculture is still promoted in many countries. 
The accidental release of fish from floating cages could explain the 
presence of similar sized individuals here. But as far as we know, 
no intention to farm C. regalis, which is not a main cultured species 
in North America or elsewhere, has been reported in Portugal. A 
release from the aquarium trade is also unlikely since aquarists do 
not value this species. 

Shipping has already been advocated for several occasional 
occurrences of Western Atlantic species in European waters: e.g. 
Pinguipes brasilianus by Orsi-Relini (2002), Micropogonias undu- 
latus by Stevens et al. (2004) and Kyphosus incisor by Orsi-Relini 
et al. (2010). However, these records were of isolated individuals. 
The proximity of the Port of Sines, the largest in Portugal, makes 
it a possible site for the appearance of exotic marine species intro¬ 
duced with the ballast water of merchant ships. The Port of Setubal 
allows the entry of large vessels, and the connection with the Sado 
River makes this natural bay a favourable oligohaline environment 
for the survival of C. regalis juveniles. However, the number of 
specimens observed in this study might indicate an already well 
established and disseminating population of C. regalis, resulting 
from the transport of large numbers of eggs or larvae in ballast 
waters. 

The specimen observed by Acosta et al. (2013) was erroneously 
ascribed to C. nebulosus, but clearly belongs to C. regalis. To what 
extent these specimens from a similar area of the Iberian Peninsula 
might be related deserves clarification. 

CONCLUSION 

Lor the moment, Cynoscion regalis must be considered as a 
newcomer to the Eastern Atlantic as no evidence of a self-sustain¬ 
ing population currently exists. However, the mechanisms, through 
which this alien species was introduced into Portugal, need to be 
studied in order to prevent further introductions. We would also 
recommend the monitoring of the evolution of Setubal population, 
and an investigation into a possible connection with the Guadalqui¬ 
vir estuary. 
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